Objectives To investigate the effect of work pressure and job influence on the development of ischaemic heart disease (IHD) in women. Methods The effect of work pressure and job influence on the 15-year incidence of IHD in women participating in the Danish Nurse Cohort Study was prospectively studied. A total of 12 116 participants, aged 45e64 years, were examined in 1993 using a questionnaire and were followed by individual linkage in the National Register of Hospital Discharges to the beginning of 2008. Work pressure, job influence, occupational characteristics, demographic factors and known biological and behavioural risk factors for IHD were collected at baseline. Results During follow-up, 580 participants were hospitalised with IHD. In the fully adjusted model, nurses who reported work pressure to be much too high had a 1.4-fold increased risk of incident IHD (95% CI 1.04 to 1.81) compared with nurses who reported work pressure to be suitable. A tendency towards a doseeresponse effect was found. Age-stratified analysis showed that this effect was significant only among the younger nurses (<51 years old at baseline). No association was found between job influence and IHD. Conclusions In this study we find that work pressure that is too high is a significant risk factor for IHD in younger female employees (<51 years of age). The results should be taken into account in the planning of primary prevention.
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ABSTRACT
Objectives To investigate the effect of work pressure and job influence on the development of ischaemic heart disease (IHD) in women. Methods The effect of work pressure and job influence on the 15-year incidence of IHD in women participating in the Danish Nurse Cohort Study was prospectively studied. A total of 12 116 participants, aged 45e64 years, were examined in 1993 using a questionnaire and were followed by individual linkage in the National Register of Hospital Discharges to the beginning of 2008. Work pressure, job influence, occupational characteristics, demographic factors and known biological and behavioural risk factors for IHD were collected at baseline. Results During follow-up, 580 participants were hospitalised with IHD. In the fully adjusted model, nurses who reported work pressure to be much too high had a 1.4-fold increased risk of incident IHD (95% CI 1.04 to 1.81) compared with nurses who reported work pressure to be suitable. A tendency towards a doseeresponse effect was found. Age-stratified analysis showed that this effect was significant only among the younger nurses (<51 years old at baseline). No association was found between job influence and IHD. Conclusions In this study we find that work pressure that is too high is a significant risk factor for IHD in younger female employees (<51 years of age). The results should be taken into account in the planning of primary prevention.
In industrialised countries, cardiovascular disease (CVD), including ischaemic heart disease (IHD), is the leading cause of death and affects as many women as men. 1 In Denmark, more than one third of all deaths among women are caused by CVD. 2 Many risk factors are similar for men and women, but gender differences are known to exist. 3 During the last decades, several studies have examined the impact of work-related psychosocial factors on IHD. A review from 2000 of cohort and caseecontrol studies of men concluded that a combination of excessive psychological demands and lack of control (job strain) increases the risk of IHD. 4 More recent reviews have found the evidence inconclusive 5 6 and in some of these the effect of job strain can be fully explained by the association between demands and risk of IHD. 6 A meta-analysis from 2006 also showed a heterogeneous picture of the association between work related stress and the risk of IHD, and it is suggested that work stress is a less powerful predictor of IHD in women; however, only a few studies on women are available. 7 In highly industrialised countries in general and in Denmark in particular, the employment rates of men and women are very similar. 8 Indeed, a Danish study in 1991 found that almost twice as many women as men were employed in jobs characterised by high job demands and a low degree of control, 9 which in some studies have been found to have adverse health effects. Thus, many employed women are exposed to potentially hazardous factors at work.
The evidence linking adverse psychosocial work factors to IHD in women is still inconclusive. The effect of high demands has shown a significant association with increased risk of IHD in some studies, 10 11 and no effect in others. 12e15 The impact of lack of control or one of the dimensions of job control (decision authority and skill discretion) on IHD in women has shown a significant association in some studies 12 15 and no effect in others. 14 16 Studies not separating gender in the analyses have demonstrated an effect of control but not of demands. 17 18 The large group of women covered by the Danish Nurse Cohort Study allows the use of a prospective design to establish the temporal sequence between exposure and IHD. In addition, survey data are combined with register data on incident IHD.
Based on this cohort the purpose of the present study was to investigate the effect of work pressure and job influence on the development of IHD in women.
METHODS
Study population and exclusion criteria
The Danish Nurse Cohort Study was established in 1993 when all Danish nurses aged 45 years and over and members of the Danish Nurses' Association (n¼23 170) received a comprehensive self-administered questionnaire on health and lifestyle, including occupational status and working conditions. Practically all nurses in Denmark are members of the Danish Nurses' Association, and the coverage of female nurses is nearly 100%. Overall, 19 898 women (86%) returned the questionnaire. 19 Women who at baseline were not actively employed as nurses (n¼7501) or who had passed retirement age, which in Denmark is 65 years, (n¼86) were excluded. Based on register information, we excluded 105 women with a hospital admission for IHD prior to the baseline survey and two women who completed the questionnaire but who were registered in The Central Person Registry as missing or having emigrated. Furthermore, women with missing information on psychosocial work environment were excluded (n¼88). Thus, the study population consisted of was 12 116 women. 
Measures of psychosocial working conditions
Endpoints
Subjects were censored when a first ever hospitalisation for IHD occurred (cases) or when they died, emigrated or disappeared. 
Statistical methods
Cox proportional hazards models were used to test for association between IHD and the psychosocial working conditions and covariates. In these analyses we adjusted for age, categorised in 5-year groups, and 95% CI was calculated.
In a first Cox model we adjusted for age in 5-year groups and a fixed set of covariates: family history of IHD, diabetes, menopausal status, BMI, smoking, alcohol and leisure time physical activity (model B). All other covariates were tested in bivariate analyses for association with IHD and those which were significant (shift work and physical activity at work) were included in model C along with age and the fixed set of confounders. As sensitivity analyses, we used the same Cox models to analyse the association between work pressure and all IHD diagnoses except angina pectoris and angina pectoris alone, respectively.
In a separate Cox model we analysed the effect of age. We dichotomised age by the median value. Statistical interaction between this variable and work pressure was analysed by including a term of interaction in the model.
In the Cox models the proportional hazards assumption was evaluated for all variables by comparing estimated logelog survivor curves over the different categories of variables being investigated and by inspecting plots of Schoenfeld residuals.
Statistical analyses were performed using the statistical package SAS v 9.2.
RESULTS
The study included 12 116 women who in 1993 were actively employed. Their median age was 51 years. During the 15 years of follow-up, a total of 580 incident cases of IHD occurred. Among the 580 incident cases, 369 were angina pectoris, 138 were myocardial infarction and 73 other IHD.
In table 1, the basic model (A) shows that nurses who reported work pressure to be much too high compared to those reporting a suitable work pressure had a nearly 50% increased risk of developing IHD (hazard ratio (HR) 1.47 (95% CI 1.14 to 1.88)). Furthermore, nurses who reported work pressure to be a little too high had an approximately 25% increased risk (HR 1.25 (95% CI 1.04 to 1.50)). It should be noted that about 60% of the nurses reported work pressure to be much too high or a little too high. No significant increased risk of IHD was found in nurses who reported having minor or no influence on the organisation of their daily work (table 1, model A).
The association between work pressure that was much too high and IHD remained significant but was reduced after inclusion of traditional cardiovascular risk factors (HR 1.35 (95% CI 1.03 to 1.76)) (table 1, model B).
Inclusion of the covariates "shift work" and "physical activity at work" in model B had only a minor influence on the effect on the risk of IHD of having work pressure that was too high compared to model B (HR 1.38 (95% CI 1.04 to 1.81)) (table 1, model C).
Stratifying by the median value of age at baseline (51 years) showed that the association between work pressure and IHD was strongest and only significant among the younger nurses (table 2) .
In a sub-analysis work pressure that was much too high was also a significant predictor of IHD when we omitted the angina pectoris diagnoses as events, both in the age adjusted analyses (HR 1.69 (95% CI 1.15 to 2.49)) and when controlling for traditional cardiovascular risk factors, shift work and physical activity at work (HR 1.70 (95% CI 1.10 to 2.62)). No association between work pressure that was much too high and angina pectoris was found either in the age adjusted analyses (HR 1.33 (95% CI 0.96 to 1.84)) or when controlling for traditional cardiovascular risk factors, shift work and physical activity at work (HR 1.25 (95% CI 0.88 to 1.78)).
In separate analyses we have studied the effect of work pressure on the risk of IHD in the same study population but with a 5-year follow-up (1993e1998). With a 5-year follow-up the hazard ratios for IHD associated with work pressure that was too high were: work pressure that was a little too high: HR 1.60 (95% CI 1.12 to 2.27) and work pressure that was much too high: HR 1.97 (95% CI 1.25 to 4.00) (adjusted for traditional risk factors for IHD, shift work and physical activity at work).
DISCUSSION
This cohort study of a large sample of female nurses at work showed that self-reported work pressure that was too high was a predictor of IHD. A tendency towards a doseeresponse in the effect was found as nurses who reported work pressure to be much too high had an age adjusted 50% elevated risk of developing IHD compared to nurses who reported the work pressure to be suitable, whereas nurses who reported the work pressure to be a little too high had a smaller but still significant increased risk of developing IHD. The estimates had narrow confidence intervals and the effects remained significant after adjustment for biological and behavioural risk factors for IHD, shift work and physical activity at work. It is noteworthy that the association between high work pressure and IHD was only significant among the younger nurses.
Furthermore, having work pressure that was much too high was a significant predictor of IHD even when angina pectoris was excluded both in age adjusted analyses and when controlling for traditional cardiovascular risk factors, shift work and physical activity at work. No evidence was found of a relationship between having influence on the organisation of daily work (job control) and the risk of IHD. A general problem in this field of research is the use of different measures of psychosocial work exposures. 6 Our study measures only one aspect of job demands, namely work pressure. This may limit the comparison of our results with previous studies. In spite of these limitations, we think that recent studies demonstrating an effect of psychosocial demands provide some support for our findings.
A European prospective multi-centre study from 2006 by Kornitzer et al 20 found that men exposed to high psychosocial job demands had a nearly 50% increased risk of developing a coronary event. A contemporary Danish cohort study of men found a consistent association between psychological job demands and the risk of IHD, 21 and in the Whitehall II Study high job demands increased the risk of coronary heart disease events in both men and women. 11 In the American Nurses' Health Study, Lee et al 13 could not demonstrate that either high job demands or low job control was associated with IHD, but this may be due to selection bias, as pointed out by Kivimäki et al, 7 or cultural differences as pointed out by Eller et al. 6 The Framingham Offspring Study 12 found no effect of high job demands on heart disease among women, but this study included elderly participants up to 77 years of age and had a 10-year follow-up which may have diluted the effects. Another possible explanation could be that the study was based on self-reported exposure in a broad population. Different occupational groups may experience job demands differently, 22 and this could lead to misclassification and a dilution of effects. For this reason self-reported job demands might be difficult to measure across occupational groups as has been pointed out by others. 17 23 This might also be one explanation for the lack of effect of job demands in a Swedish study by Kuper et al.
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Evidence of an association between job demands and IHD has not been demonstrated in studies using a job exposure matrix. 17 24 This may be due to a considerable degree of misclassification associated with this method. Netterstrøm used both self-reported and matrix data but found only an effect of job demands based on the self-reported data. If the perception of demands is a more individual matter than the perception of control, this might explain why the effect of low control is more often seen in studies using aggregated data and the effect of high demands is not. 6 In the present study the age-stratified analysis showed a stronger and significant association between work pressure that was too high and IHD only in the younger nurses. Even though we were unable to demonstrate a significant age interaction, it seems as if the effect of work pressure has a greater impact on younger nurses. This is in agreement with findings from previous studies looking at age-specific effects in both men and women.
11 25 26 The lower risk among the older nurses may be due to other risk factors that become relatively more important with increasing age. Futhermore vulnerable individuals may have left work. Another explanation might be that the oldest cohort members have retired and are no longer exposed to work related stress factors. These findings are in accordance with a recent study demonstrating that inclusion of employees older than 55 years of age in a cohort diluted the effect of job strain on ischaemic disease 27 ; this is especially a problem if such studies are combined with a long follow-up.
In our study we have a rather long follow-up time and as the exposure was only measured at baseline, this may have diluted the effects. In the separate analyses of the effect of work pressure on the risk of IHD with a 5-year follow-up (1993e1998), we found a stronger effect of high work pressure on the risk of IHD in the analyses with the short follow-up compared to the analyses with the long follow-up (15 years). More studies are needed to determine the extent to which duration and continuity of exposure may influence the size of the risk and whether the harm caused by work related stress is irreversible or attenuated as time passes since the exposure ceased. It is also important to study the mechanisms by which work related factors might lead to IHD, for example, whether the exposure causes atherosclerosis or whether it triggers IHD in individuals who already have atherosclerosis.
The present study could not confirm that low job control is associated with an increased risk of IHD. This could be due to the fact that the only question concerning job control has a narrower meaning than the question concerning work pressure. Furthermore, the question only relates to one of the two dimensions of job control, that is decision authority. We have no information concerning the other dimension, which is skill discretion. A recent Danish study showed that this dimension in part mediated the effect of socioeconomic position on the risk of myocardial infarction, while no effect of decision authority was found. 17 Another Danish study found a non-significant relative risk of IHD among men having little control in the planning of their working conditions. 21 Kornitzer et al 20 found no effect of low job control on the risk of a coronary event.
Strengths and weaknesses of the study
A strength of this study is that it examines a cohort of women with sufficient statistical power given the size of the cohort and the number of cases found during follow-up. Other strengths are the high response rates obtained in this cohort of Danish nurses, the validity of the self-reported information provided by the nurses 28e30 and the fact that the study is based on the entire population of Danish nurses. Furthermore, information on IHD was obtained through individual linkage to a nationwide hospital register. This linkage also made it possible to exclude women with a hospital admission for IHD before the baseline survey. The follow-up is nearly complete apart from some patients with less harmful heart disease such as angina pectoris who are treated in general practice and are not registered in the Danish National Patient Registry. This might have caused a small degree of nondifferential misclassification, and if so the effect may tend to be underestimated. However, if personality factors were related both to the likelihood of reporting work pressure that was too high and to a greater chance of being hospitalised with angina pectoris, then this could have led to serious misclassification. 31 In this case it strengthens our result that high work pressure increased the risk of myocardial infarction and other types of IHD apart from angina pectoris, diagnoses not solely based on symptoms and which normally require objective diagnostic measurements.
The combination of a rather long follow-up and that fact that some of the cohort members were close to normal retirement age at baseline means that an increasing number of cohort members were no longer exposed to work factors. This may have caused some misclassification and reduced the strength of the association.
Confounding
Confounding due to gender, education and especially socioeconomic status is avoided due to the homogeneous population. Job control is known to be a strong surrogate marker of social class which may otherwise be a problem in cohorts of broad populations. Furthermore, since the cohort of Danish nurses was established specifically to study risk factors for atherosclerosis, a broad spectrum of risk factors for IHD was available. However, residual confounding from unmeasured factors might still be a problem. As for the psychosocial work factors, the covariates were also measured at one point in time only, which may lead to some degree of misclassification and underestimation of the effect of the covariates.
Measures of psychosocial working conditions
In the present study exposure status is measured only by two questions, which means that important aspects, especially of the control dimension, may have been overlooked. This also makes comparison with other studies difficult and furthermore the psychosocial working conditions are measured with less accuracy. Work pressure is measured on the basis of a single question with a somewhat complex and global meaning since it relates to both tempo and work pressure at the work place. Furthermore, it asks specifically if the work pressure is too high, indicating that most of those who choose this answer, find it a nonpreferred condition. It is important further to investigate factors that contribute to the perception that work pressure is too high, as it may include different aspects of work demands as well as aspects of not being able to control the work load.
CONCLUSIONS
Our study shows that work pressure that was self-reported as being too high significantly increases the risk of IHD in younger female nurses (<51 years). The association between work pressure that was much too high and IHD was also found when angina pectoris was excluded. None of these associations could be explained by traditional coronary risk factors.
This study adds to the previous body of evidence suggesting harmful effects of excessive psychological demands at work on cardiac health, but is one among very few that demonstrates the effect among women. The results should be taken into account in primary prevention. Additional work should be carried out to identify factors contributing to the perceived high work pressure.
